
United States Patent [191 
Allen et a1. 

5,010,024 
Apr. 23, 1991 

[11] Patent Number: 

[45] Date of Patent: 

' [54] PASSIVATION FOR INTEGRATED CIRCUIT 
STRUCTURES 

[75] Inventors: Bert L. Allen, Los Altos; Peter S. 
' Gwozdz, Cupertino, both of Calif.; 

Thomas R. Bowers, Austin, Tex. 

[73] Assignee: Advanced Micro Devices, Inc., 
Sunnyvale, Calif. 

[21] Appl. No.: 353,169 
[22] Filed: May 15, 1989 

Related US. Application Data 

[62] Division of Ser. No. 21,828, Mar. 4, 1987, abandoned. > 

[51] Int. C1.5 ................. .. H01L 21/425; H01L 21/441 
[52] US. Cl. ...................................... .. 437/24; 437/52; 

- 437/195 

[58] Field of Search .................... .. 357/91, 52; 437/24, 
437/52, 195 

[56] References Cited 

U.S. PATENT DOCUMENTS 

3,660,819 5/1972 Frohman-Bentchkowsky 317/235 
R 

4,203,158 5/1980 Frohman-Bentchkowsky 365/185 
4,223,048 9/1980 Engle, Jr. ............................ .. 427/39 
4,393,479 7/1983 Du etal. 365/218 
4,406,053 9/1983 Takasaki et al ..... .. 29/588 
4,446,194 5/1984 Candelaria .... .. 437/195 
4,448,400 5/1984 Hararr ....... .. 365/185 
4,516,313 5/1985 Tun et a1 .... .. 29/571 

4,532,022 7/1985 Takasaki 204/192 D 
4,618,541 10/1986 Forouhi ............................. .. 428/688 

FOREIGN PATENT DOCUMENTS 

0056635 4/1980 Japan ................................... .. 437/24 

OTHER PUBLICATIONS 

Samuelson, G. M. et al., “The Correlations Between 
Physical and Electrical Properties of PECVO SiN with 
their Composition Ratios”, Journal of the Electrochem 
ical Society: Solid State Science and Technology, vol. 
129, No. 8, Aug. 1982, pp. 1773-1778. 
Alexander, K. et al., “Moisture Resistive, UV Transmis 
sive Passivation for Plastic Encapsulated EPROM De 
vices”, IEEE 22nd Annual proceedings of the Interna 

tional Reliability Physics Symposium, Apr. 3-5, 1984, 
pp. 218-222. 
“Controlling Stress in Oxy-Nitride Films”, ASM 
America News Letter, vol. 1, No. 2, Dec. 1985, pp. l-3. 
Sinha, A. K. et al., “Reactive Plasma Deposited SiN 
Films for MOS-LS1 Passivation”, Journal of the Elec 
trochemical Society: Solid State Science and Technol 
ogy, vol. 125, No. 4, Apr. 1978, pp. 601-608. 
Yue, J. T. et al., “Stress Induced Voids in Aluminum 
Interconnects During IC Processing”, IEEE 23rd In 
ternational Reliability Physics Symposium, 1985, pp. 
126-137. 

(List continued on next page.) 

Primary Examiner-Olik Chaudhuri 
Assistant Examiner~0urmazd S. Ojan 
Attorney, Agent, or Finn-John P. Taylor 

[57] ABSTRACT 
A method is described for producing an integrated 
circuit structure, including EPROMS, having excellent 
resistance to penetration by moisture and ion contami 
nants and a substantial absence of voids in an underlying 
metal layer in the structure, and, in the case of 
EPROMS, maintaining suf?cient UV light transmissity 
to permit erasure which comprises stress relieving the 
underlying metal layer from stresses induced by the 
compressive stress of a silicon nitride encapsulating 
layer to inhibit the formation of voids therein by im 
planting the metal layer with ions to change the grain 
structure adjacent the surface of the metal layer; form 
ing an insulating intermediate layer between said the 
layer and the silicon nitride layer selected from the class 
consisting of an oxide of silicon and silicon oxynitride 
having a compressive/tensile stress which sufficiently 
compensates for the compressive stress of the silicon 
nitride layer; and controlling the compressive stress in 
the silicon nitride layer to provide resistance to mois 
ture and ion penetration superior to silicon dioxide or 
silicon oxynitride layers of similar thickness while inhib 
iting formation of voids in the metal layer. 

30 Claims, 2 Drawing Sheets 
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PASSIVATION FOR INTEGRATED CIRCUIT 
STRUCTURES 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

The application is a division of U.S. patent applica 
tion Ser. No. 021,828, ?led Mar. 4, 1987, now aban 
doned. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
This invention relates to integrated circuit structures. 

More particularly, this invention relates to improved 
passivation of integrated circuit structures; including 
the EPROM type, to mitigate or eliminate the forma 
tion of voids in underlying metal layers. 

'2. Description of the Related Art 
In the construction of integrated circuit devices, a 

topside or “passivation” layer of a dielectric material is 
conventionally provided over the underlying layers 
comprising the integrated circuit structure. This layer, 
in addition to functioning as an insulation layer, acts to 
protect the underlying structure from moisture and ion 
contamination which can damage or destroy the struc 
ture'by causing corrosion and electrical shorts. 
vThe passivation material, then, should be relatively 

impervious to moisture and other contaminants. Silicon 
nitride (principally Si3N4) is known as a satisfactory 
insulation material for forming a passivation or encapsu 
lation layer for an integrated circuit structure which 
provides excellent protection from moisture and ion 
contamination. ' 

The use of silicon nitride as such a passivation mate 
rial is discussed in various publications and patents such 
as M. J. Rand et al in “Optical Absorption as a Control 
Test for Plasma Silicon Nitride Deposition”, J. Electro 
chemical Soc., Solid-State Science and Technology, 
Vol. 125, No. 1, January‘ 1978, at pp. 99-101; A. K. 
Sinha et al in ‘Y‘Reactive Plasma Deposited SiN Films 
for MOS-LS1 Passivation”, J. Electrochemical Soc., 
Solid-State Science and Technology, Vol. 125, No. 4, 
April, 1978, at pp. 601-608; G. M. Samuelson et al in 
“The Correlations Between Physical and Electrical 
Properties of PECVD SiN with Their Composition 
Ratios”, J. Electrochemical Soc., Solid-State Science 
and Technology, Vol. 129, No. 8, August 1982, at pp. 
1773-1778; T. E. Nagy et al in “Physical and Electrical 
Properties of Plasma Deposited Silicon Nitride Films”, 
ECS Proceedings of the Symposium on Silicon Nitride 
Thin Insulating Films, Vol. 83-8, 1983, pp. 167-176; 
Engle U.S. Pat. No. 4,223,048; Takasaki U.S. Pat. No. 
4,406,053; Harari U.S. Pat. No. 4,448,400; and Turi et a1 
U.S. Pat. No. 4,516,313. » 
The construction of non-volatile read-only memory 

(ROM) integrated circuit structures in which a charge 
may be semi-permanently stored, yet erased when de 
sired, known as erasable programmable read only mem 
ories (EPROMS) is described in various publications 
and patents including D. Frohm'an-Bentchkowsky in 
“FAMOS-A New Semiconductor Charge Storage De 
vice”, Solid-State Electronics, Vol. 17, 1974, pp. 
517-529; R. D. Katznelson et al in “An Erase Model for 
FAMOS EPROM Devices”. IEEE Transactions on 
Electron Devices, Vol. ED-27, no. 9, September, 1980, 
at pp. 1744-1752; and in Du et al U.S. Pat. No. 
4,393,479. 
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2 
Such devices store a charge on a ?oating gate of an 

MOS type device which charge may be removed (to 
erase the device) by exposure of the device to UV light 
which passes through the encapsulant or passivation 
layer to reach the charge on the ?oating gate. 

Unfortunately, however, conventional silicon nitride 
passivation or encapsulation layers, which might other 
wise be used in such structures, are relatively opaque to 
UV light and do not allow a sufficient amount of energy 
at such wavelengths to reach the charge on the ?oating 
gate. 

Thus, despite the known superior properties of silicon 
nitride passivation layers for encapsulating an inte 
grated circuit structure to protect it against moisture 
penetration and ionic contamination, it has been con 
ventional in the prior art to employ other, less satisfac 
tory, encapsulants such as silicon oxide (S102) and sili 
con oxynitride materials since they will permit transmis 
sion of sufficient electromagnetic radiation of UV 
wavelength therethrough to permit removal of the 
charge on the ?oating gate, i.e., permit erasure of the 
device. 
The use of such alternative passivation layers are 

discussed in publications and patents such as K. Alexan 
der et al in “Moisture Resistive, U.V. Transmissive 
Passivation for Plastic Encapsulated EPROM De 
vices”, IEEE 22nd Annual Proceedings of the Interna 
tional Reliability Physics Symposium, Apr. 3-5, 1984, 
Los Vegas, at pp. 218-222; and Takasaki et al U.S. Pat. 
No. 4,532,022 which discuss the use of silicon oxyni 
tride films for EPROMS and Frohman-Bentchkowsky 
U.S. Pat. No. 3,660,819 which describes the use of SiO; 
over the ?oating gate of an EPROM device. 
However, it has recently been discovered that it is 

possible to construct an EPROM structure using a par 
ticularly formed silicon nitride passivation layer which 
will provide the superior encapsulation properties of 
silicon nitride, yet transmit sufficient UV radiation 
therethrough to provide the required erasure properties 
as well. The method for forming such a UV-transparent 
layer of silicon nitride is ‘described and claimed in 
Forouhi et al U.S. Pat. No. 4,618,541, assigned to the 
assignee of this invention, in which one of the present 
inventors is a named coinventor. An erasable program 
mable read only memory integrated circuit device hav 
ing such a UV-transparent silicon nitride passivation 
layer thereon is described and claimed in copending 
U.S. patent application Ser. No. 697,364 now issued as 
U.S. Pat. No. 4,665,426, on May 12, 1987, which is also 
assigned to the assignee of this invention, and in which 
one of the present inventors also is a named coinventor. 
While such UV light-transparent silicon nitride pas 

sivation layers have been found to perform satisfacto 
rily in both encapsulating the integrated circuit device 
and permitting erasure with UV light, such silicon ni 
tride passivation layers may be formed in an excessively 
compressive stress mode which, in turn, can result in 
the formation of undesirable voids in the underlying 
metal layer, e.g., an aluminum layer, used in the forma 
tion of the erasable gate structure beneath the silicon 
nitride passivation layer. Creation of such voids is be 
lieved to be the result of migration of metal atoms in the 
stressed metal layer. 
The creation of voids in aluminum, apparently in 

duced by an overlying silicon nitride passivation layer 
in ‘conventional integrated circuit structures wherein 
the silicon nitride layer is not transparent to UV energy, 
was earlier discussed by J. T. Yue et al in “Stress In 
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duced Voids in Aluminum Interconnects During IC 
Processing”, IEEE 23nd Annual Proceedings of the 
International Reliability Physics Symposium, 1985, at 
pp. 126-137. 
As pointed out in this article, creation of such voids in 

i the metal wiring can result in failure of the integrated 
circuit structure. It is, therefore, important to be able to 
construct an integrated circuit structure which not only 
will provide the desired degree of protection against 
moisture and ion contamination penetration, but also 
inhibit the formation of voids in the underlying metal 
wiring of the structure as well. 

SUMMARY OF THE INVENTION 

It is, therefore, an object of this invention to provide 
a method for forming an integrated circuit structure 
having a silicon nitride passivation layer thereon to 
protect the device from moisture and ion contamination 
wherein void formation in the underlying metal layer 
will be minimized or substantially eliminated. _ 

It is another object of this invention to provide a 
method for forming an integrated circuit structure hav 
ing a silicon nitride passivation layer thereon to protect 
the device from moisture and ion contamination, includ 
ing an erasable programmable read only memory device 
(EPROM) wherein the silicon nitride passivation layer 
thereon is also UV light transparent, wherein void for 
mation in the underlying metal layer will be minimized 

15 

20 

or substantially eliminated by controlling the amount of 30 
compressive stress formed in the transparent silicon 
nitride layer by controlling the reaction parameters, 
including silane and ammonia gas flows, pressure, 
power, and duty cycle of the plasma deposition reactor, 
used in forming the silicon nitride layer. 

It is yet another object of this invention to provide a 
method for forming an integrated circuit structure hav 
ing a silicon nitride passivation layer thereon to protect 
the device from moisture and ion contamination, includ 
ing an erasable programmable read only memory device 
(EPROM) wherein the silicon nitride passivation layer 
thereon is also UV light transparent, wherein void for 
mation in the underlying metal layer will be minimized 
or substantially eliminated by treating the underlying 
aluminum layer to alter the grain structure in a manner 
which will reduce or eliminate the formation of voids in 
the metal layer. 

It is a further object of this invention to provide a 
method for forming an integrated circuit structure hav 
ing a silicon nitride passivation layer thereon to protect 
the device from moisture and ion contamination, includ 
ing an erasable programmable read only memory device 
(EPROM) wherein the silicon nitride passivation layer 
thereon is also UV light transparent, wherein stress 
induced void formation in the underlying metal layer 
will be minimized or substantially eliminated by provid 
ing an intermediate layer of a material which will miti 
gate the transmission of compressive stress from said 
silicon nitride passivation layer to said underlying metal 
layer. 
These and other objects of theinvention will be ap-v 

parent from the following description and accompany 
ing drawings. ' 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a flowsheet illustrating the process of the. 
invention. 
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4 
FIG. 2 is a graph showing the effects of pressure in 

the reactor on the compressive/tensile stress in the 
formation of a silicon oxynitride layer. 

DETAILED DESCRIPTION OF THE 
INVENTION 

The invention provides an improved method for en 
capsulating an integrated circuit structure wherein the 
deleterious effects of void formation in the underlying 
metal layer, apparently caused by metal atom migration 
induced by compressive stresses transmitted to the ‘ 
metal layer from a silicon nitride encapsulation layer, 
are mitigrated or substantially eliminated. 

In a preferred embodiment, the invention is particu 
larly directed to the formation of an erasable program~ 
mable read only memory integrated circuit device with 
a passivation layer of a substantially UV transparent 
silicon nitride material wherein the deleterious forma 
tion of voids in the underlying metal layer induced by 
compressive stresses transmitted to the metal layer from 
the silicon nitride layer are mitigated or substantially 
eliminated. 
The method of the invention actually comprises three 

aspects: (11) treatment of the metal layer to reduce the 
effects of the transmission of the compressive stress 
from‘the silicon nitride layer to the metal layer by ion 
implantation of the metal layer to alter the grain size; (2) 
provision of an intermediate layer of a material, prefera 
bly a UV light transparent material wherein the com 
pressive/tensile stress of the intermediate layer may be 
adjusted to compensate for the compressive stress in the 
silicon nitride layer; and (3) control of the amount of 
compressive stress formed in the silicon nitride passiv 
ation layer, which also is preferably UV transparent. 
While the practice of the invention preferably in 

cludes all three steps, it is within the purview of the 
invention to omit one of the steps if all three steps are 
not needed to achieve the desired sufficient stress relief 
to eliminate the formation of voids in the metal layer. 
Thus steps 1 and 2, steps 1 and 3, or steps 2 and 3 may 
be practiced in some instances without the remaining 
step to eliminate the formation of voids in the metal 
layer. 

It should be noted, however, that there is a preferred 
hierarchy of treatment steps whether all three treatment 
steps are used or only two steps are used. As will be 
discussed in'more detail below, this is because it is essen 
tial to the practice of this invention that the resistance to 
moisture and ion contamination penetration of the sili 
con nitride layer be preserved since this is one of the 
principal characteristics of the silicon nitride layer 
which makes it superior to other insulation layers. 

Therefore, treatment of the metal layer and formation 
of the intermediate layer to eliminate the creation of 
voids in the metal layer will be preferred steps to take 
from a hierarchy standpoint before lowering the com 
pressive stress on the silicon nitride layer since the high 
compressive stress on the silicon nitride layer contrib 
utes to the moisture and ion penetration resistance of 
that layer. Furthermore, when the silicon nitride layer is 
used as an encapsulant for an EPROM device wherein 
UV light transparency of the silicon nitride layer is 
required, decreasing compressive stress in the silicon 
nitride layer can result in an excess of silicon resulting in 
loss of UV light transparency. 
The metal layer beneath the silicon nitride passiv 

ation layer may be treated by ion implantation to after 
the grain structure in a manner which results in a reduc 



5,010,024 
5 

‘tion in the formation of large voids therein. While the 
‘exact effect of the ion implantation on the metal struc 
ture is open to'more than one explanation, it is thought 
that the ion implantation may act to provide a gradu 
ated prestr'essing of the surface compressively or it may 
alter the crystallinity of the metal surface by, in effect, 
jumbling the crystals on the metal surface to provide 
smaller grains which, in turn, reduce the extent of metal 
atom migration within the metal layer which is thought 
to be at least one cause of void formation. 

Compressive stresses transmitted to a metal surface so 
treated would then either not result in the creation of 
void or would result in the formation of smaller voids 
due to the smaller grain size of the metal at or adjacent 
to the surface of the treated metal. 

In accordance with the invention, the metal layer 
maybe ion implanted with ions of a nonreactive ele 
ment, such as argon, which will not have any deleteri 
ous effects on the metal layer. Other elements which 
may be ion implanted into the metal surface might, for 

10 

20 
example, ‘include arsenic, boron, krypton, neon, or sili 
con. In at least some‘instances, ions of the same metal as 
the metal being treated could be used; e.g., implantation 
of an aluminum surface with aluminum ions. 
The ions are implanted in the metal layer at an energy 

level of from about 40-200 kEV, preferably about 
70-150 kEV when argon ions are being implanted, to 

25 

provide a depth of about 15-2500 A, preferably about _ 
300-1200 A, which may be attained at the 70-150 kEV 
energy level range. The dosage ranges from about 1015 
to 1016 atoms per cmz, preferably about 5X 1015 when 
argon is being implanted. The temperature during the 
implantation may vary in accordance with the desired 
time of the dosage, ranging from as low as, for example, 
— 10° C. up to as high as 300° C., typically about 100° C. 
While the metal layer being ion implanted will, in 

most instances, comprise an aluminum metal, it will be 
appreciated that the term “metal layer” is intended to 
embrace not only pure aluminum, but aluminum base 
alloys as well wherein up to 20 wt. % of the aluminum 
base alloy may comprise one or more other alloying 
metals. The metal layer may also comprise other metals 
as well such as, for example, tantalum and/or tungsten. 

In accordance with another aspect of the invention, 
the metal layer may be stress-relieved from compressive 
stress transmitted to it by the silicon nitride layer by the 
interposition of an intermediate layer of another mate 
rial, which, in a preferred embodiment, has a controlled 

' compressive/tensile stress therein adjusted during for 
mation of the layer to sufficiently compensate for the 
compressive stress of the silicon nitride layer thereon to 
suppress the formation of voids in the underlying metal 
layer. 

This intermediate layer, when used in the construc 
tion of an EPROM device, will comprise a material 
which is also transparent to radiation of UV wavelength 
so as to not interfere with the erasability of the EPROM 
device. However, it should be noted that the invention 
is not limited in application to only the construction of 
EPROM devices, but rather may be utilized wherever 
deleterious compressive stresses are transmitted from a 
silicon nitride layer, including conventional UV-opaque 
passivation layers, to an underlying metal layer result 
ing in the formation of voids in the metal layer. 
The intermediate layer should also function as an 

insulation layer although it need not be completely 
impervious to moisture and ion contaminants since the 
silicon nitride, not the intermediate layer, will act as the 
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6 
encapsulating layer. Materials which may be utilized in 
the formation of this intermediate layer include silicon 
oxynitride and silicon oxide. Silicon oxynitride is the 
preferred material for use in forming the intermediate 
layer both from ease of formation, since the integrated 
circuit structure may have both the silicon oxynitride 
and the silicon nitride layers applied using the same 
apparatus, and from the known ability to control the 
amount of compressive/tensile stress formed in a silicon 
oxynitride layer. 
The thickness of the intermediate layer should be 

sufficient to provide the desired gradient or stress com 
pensation for the compressive stress in the overlying 
silicon nitride layer. Thicknesses of from about 0.2 to 3 
microns, preferably about 0.5 to 1.5 microns, are satis 
factory. 
When silicon oxynitride comprises the intermediate 

layer, the amount of compressive/tensile stress con 
tained in the layer may be adjusted during the formation 
of the layer by adjustment of the pressure in accordance 
with the parameters shown in ASM America Newslet 
ter, Volume 1, No. l of December, 1985, cross-refer 
ence to which is hereby made, and the graph shown in 
FIG. 2. It will be seen in that graph that the use of 
higherv pressure, i.e., greater than about 1.5 Torr, will 
result in a shift in the stress into a tensile stress mode. In 
accordance with the invention the amount of pressure 
used, and the resulting amount of either compressive or 
tensile stress formed in the intermediate layer, will be 
empirically determined, in part, by the amount of com 
pressive stress formed in the subsequently formed sili 
con nitride layer to result in a composite layer having a 
compressive/tensile stress which will usually-still, be on 
the compressive side but will be insufficient to result in 
the formation of voids in the underlying metal layer. 
The amount of compressive stress developed in the 

silicon oxynitride layer may also be lowered by adjust 
ing other parameters in the reaction process such as by 
lowering the RF power in the plasma deposition reac 
tor, e. g., froma normal 1500 watts, or lowering the duty 
cycle of the RF power which results in the appearance 
of operating at a lower power. The amount of N0; gas 
used may also be increased to lower the compressive 
stress of the silicon oxynitride layer. Other known reac 
tion parameters which may also have an effect on the 
resulting compressive stress and which are interrelated 
to those just mentioned such as reaction time and flow 
rates may also be modi?ed as well to achieve the desired 
compressive/tensile stress in the silicon oxynitride 
layer. 
With respect to the extent to which the compressive 

stress of the intermediate layer may be lowered, the 
compressive/ tensile stress on the intermediate layer 
should be adjusted as much as possible without increas 
ing tensile stress sufficiently to result in die cracking. 
This, again will be an empirical determination since the 
amount of tensile stress which may be applied to the 
intermediate layer without resulting in cracking of the 
die will depend upon other processing steps as well as 
the geometry of the particular die. However, one skilled 
in the art will be'able to readily determine, in the fin 
ished product, whether too much tensile stress has been 
applied to the intermediate layer resulting in cracking of 
the die. It should be further noted in this regard, that 
when the compressive stress on the subsequently 
formed silicon nitride layer is decreased, adjustment in 
the amount of tensile stress of the silicon oxynitride 
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layer may have to be further adjusted to prevent crack— 
ing of the die. 

In yet another aspect of the invention, the amount of 
compressive stress formed in the silicon nitride layer 
may also be controlled to some extent by adjustment of 
the pressure, i.e., by raising the pressure, during forma 
tion of the silicon nitride layer. However, while such 
adjustment might, on its face, appear to be the most 
likely way to solve the problems resulting from the 
compressively stressed silicon nitride layer, it must be 
pointed out that the ultimate reason for using a silicon 
nitride encapsulation or passivation layer (and for en 
during the- problems created thereby) is the superior 
moisture and ion penetration resistance of the silicon 
nitride layer over layers of other material such as silicon 
oxide and silicon oxynitride. 
Modi?cation of the silicon nitride layer to relieve 

stress in the metal layer is, furthermore, a particular 
problem in application of the silicon nitride layer as an 
encapsulant for EPROMS, both due to the need for 
preserving UV transparency (which is related to the 
amount of compressive stress and which, prior to the 
aforesaid Forouhi et al ‘541 patent, was a problem in 
itself to achieve) and preserving the resistance to mois 
ture penetration since an EPROM structure is particu 
larly sensitive to moisture. 

This resistance to moisture and ion penetration is 
achieved by forming the silicon nitride layer in a com 
pressive stress mode. While all compressive stress, 
therefore, could probably be alleviated or removed by 
adjustment of the reaction parameters, such as by pro 
viding higher pressure or lower RF power during for~ 
mation of the silicon nitride ?lm, such would be at the 
expense of the excellent moisture and ion penetration 
resistance of the silicon nitride layer which would be 
counter productive. Thus the amount of pressure in 
crease during the formation of the silicon nitride layer 
will, in accordance with the invention, be insufficient to 
remove the resulting silicon nitride layer from a com 
pressive stress mode. More particularly, the compres 
sive stress remaining on the silicon nitride layer should 

_ not be less than about 2.5x l09 dynes/cm2, preferably 
5 X 109 dynes/cmz. 
When a silicon nitride layer is being used as an encap 

sulant for an EPROM device the amount of compres 
sive stress remaining may be further characterized as 
providing the UV light transparency at 2537 A wave’ 
length indicated by at least a 3% re?ectance value as 
measured, for example, by a Hewlett-Packard Diode 
Array Spectrophotometer Model No. 8450A and pref 
erably suf?cient UV light transparency to permit era 
sure of the EPROM with a dual layer ?lm (silicon ox 
ynitride-silicon nitride) in less than one hour at 
0.02-0.03 watts/cm2 using, for example, a Spectronic 
UV light eraser. 

Furthermore, control and adjustment of the reaction 
parameters during formation of the silicon nitride layer 
which affect the compressive stress developed by the 
layer will, in accordance with the invention, always be 
done in combination with either or both of the other 
aspects of the invention, i.e.', in combination with the 
treatment of the metal surface or the formation of the 
intermediate layer or both so as to not lose the excellent 
moisture and ion penetration resistance properties of the 
silicon nitride layer. 

Furthermore, as previously discussed, the hierarchy 
of treatments steps will favor utilizing one or both of the 
first two treatments prior to lowering the compressive 
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8 
stress on the silicon nitride layer to lower the risk of loss 
of some of the excellent moisture and ion penetration 
resistance which characterizes a silicon nitride layer 
under compressive stress. Therefore, before lowering 
the compressive stress of the silicon nitride layer, at 
least one or the other of the ?rst two steps should be 
performed. Furthermore, with respect to the lowering 
of the compressive stress of the intermediate layer, the 
compressive/tensile stress on the intermediate layer 
should be adjusted, as discussed above, as much as pos 
sible without increasing tensile stress sufficiently to ' 
result in die cracking. 

The amount of adjustment of the compressive stress 
of the silicon nitride layer should, therefore, be insuffi 
cient to measurably increase the penetration of moisture 
or ion contaminates through the layer. Thus, the change 
in reaction conditions resulting in lowering of the com 
pressive stress of the silicon. nitride layer, e.g., raising 
the pressure in the PECVD system used to form the 
silicon nitride layer, should only be made sufficiently to 
result in the elimination of voids in the metal layer, and 
such process adjustments should only be done after at 
least one of the other steps has been carried out to avoid 
an excessive loss of compressive stress in the silicon 
nitride layer and resultant loss of moisture and ion pene~ 
tration resistance. When the invention is practiced in 
connection with the encapsulation of EPROM devices, 
the amount of decrease in the compressive stress of the 
silicon nitride layer should also be insufficient to inter 
fere with the transparency of the silicon nitride layer. 

It is recognized that the practice of this invention 
may, therefore, require the use of some empirical deter 
minations since there will be an interrelationship be 
tween the steps. However, the desired end result, 
namely the elimination of voids in the metal layer in 
duced by transmission of the compressive stress of the 
silicon nitride layer to the metal layer, is easily deter 
mined in the ?nal product by microscopic techniques. 
Thus one skilled in the art, given the foregoing discuss 
ing of parameters, as well as the hierarchical order of 
treatments, will be able to practice this invention and 
achieve the desired elimination of voids in the metal 
layer. 

It should be noted, in this regard, that when the in 
vention is practicedin connection with the formation of 
an EPROM type integrated circuit structure, it is the 
intent that this invention be practiced in combination 
with the process described and claimed in the aforemen 
tioned Forouhi et al ‘541 patent, particularly with re 
gard to the use of amounts of silicon insufficient to 
result in the formation of silicon-silicon bonds. While 
the change in reaction parameters to lower the com 
pressive stress of the silicon nitride layer, such as the use 
of higher pressures, can have deleterious effects on the 
moisture and ion penetration resistance of the silicon 
nitride layer; high pressure may result in excess silicon 
which can also have a deleterious effect on the UV 
transparency of the resulting silicon nitride layer. 
While we do not intend to be bound by any theories 

of the mechanisms involved in the formation of trans 
parent layers of silicon nitride, the effects of both high 
pressure and excess silicon atoms are thought to pro 
mote the formation of silicon-silicon bonds, rather than 
silicon-nitrogen bonds, which silicon-silicon bonds are 
thought to contributeto the opacity of conventional 
silicon nitride layers. In fact, it is further postulated that 
the reason for the increased transparency of silicon 
oxynitride layers may be due to the added retardation of 
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silicon-silicon bond formation by the presence of oxy 
gen with which the silicon atoms will bond in prefer 

' ence to other silicon atoms. 

To further illustrate the invention, an integrated. 
circuit structure having a patterned aluminum layer 
thereon was subject to an argon implantation at an en 
ergy level of 70 kEV at ambient temperature to provide 
an implantation of about 5 X 1015 ions/cm2 to a depth of 
about 750 A in the aluminum surface. 
A silicon oxynitride layer of about 1.35 micron thick 

ness was then formed over the implanted aluminum 
layer in a plasma enhanced chemical vacuum deposition 
(PECVD) apparatus comprising a 1500 watt ASM 
Micon V plasma deposition reactor and using a duty 
cycle of 30 milliseconds on and 300 milliseconds off. 
The reactants comprised a mixture of 400 SCCM silane 
(SiH4), 3000 SCCM NH3, and 2000 SCCM N20 and 
were ?owed over the structure in a vacuum chamber 
maintained at 380° C. and a pressure of 1.1.6 Torr to 
provide a deposition rate of about 200 minute. The 
deposition was carried out for 68 minutes to yield a 
silicon oxynitride layer having a tensile stressof 5 X 108 
dynes/cm2 as measured with an IONIC stress gauge. 
A silicon nitride layer transparent to UV radiation at 

2537 A was then formed over the silicon oxynitride 
layer using the process of the Forouhi et al ‘541 patent 
modified somewhat" to reduce the compressivestress in 
the silicon nitride layer using the same type of plasma 
enhanced chemical vacuum deposition (PECVD) appa 
ratus as used to form the silicon oxynitride layer, i.e., a 
1500 watt ASM Micon V plasma deposition reactor 
using a duty cycle of 30 milliseconds on and 300 milli 
seconds off. A gas flow of 300 SCCM' silane to 5300 
SCCM ammonia was used at a temperature of about 
380° C. and a pressure of about 2.0 Torr. The PECVD 
deposition was carried out for about 105 minutes to 
form a silicon nitride layer of about 1.35 micron thick 
ness having a compressive stress of 5 X 109 dynes/cm2 as 
measured with an IONIC stress gauge. 

After applying the silicon oxynitride and silicon ni 
tride‘layers, the integrated circuit structure was visually 
examined under a microscope for voids. None were 
seen. The structure was‘ then placed in a furnace and 
heated to 400° C. and maintained at this temperature for 
20 minutes in a nitrogen atmosphere. The structure was 
removed from the furnace and again examined under a 
microscope. Again no voids were noted. The structure 
was then completed and placed in an oven and heated to 
200° C. and held at this temperature for 20 hours in a 
nitrogen atmosphere. The structure was removed from 
the oven and again examined for voids under a micro 
scope. No voids were‘ found in the aluminum portion 
examined. 

Thus, the invention provides a method for the pro 
duction of an integrated circuit structure encapsulated 
by a silicon nitride layer to provide excellent resistance 
to moisture and ion penetration while providing suffi 
cient stress relief in and adjacent the underlying metal 
layer to prevent the formation of undesirable voids in 
the underlying metal layer. 
Having thus described the invention, what is claimed 

is: 

l. A method for producing an integrated circuit 
structure encapsulated in a layer of silicon nitride to 
provide resistance to penetration by moisture and ion 
contaminants and further characterized by a substantial 
absence of observable voids in an underlying metal 
layer which comprises a portion of said integrated cir 
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10 
cult structure, said method comprising the step of: stress 
relieving the underlying metal layer from stresses in 
duced by the compressive stress of said silicon nitride 
encapsulating layer by implanting the metal surface of 
said metal layer, before encapsulating said structure 
with said silicon nitride layer, with ions to change the 

‘ grain structure adjacent the surface of said metal layer. 
2. The method of claim 1 wherein said step of reduc 

ing the compressive stress in said silicon nitride layer 
further comprises lowering said compressive stress by 
maintaining, during formation of said silicon nitride 
layer, a pressure in the reactor high enough to maintain 
sufficient vcompressive stress to provide resistance to 
penetration by moisture and ion contaminants without 
resulting in the formation of ascertainable voids in said 
metal layer. 

3. The method of claim 2 wherein said integrated 
circuit structure is an EPROM and said step of reducing 
the compressive stress in said silicon nitride layer in an 
amount sufficient, in combination with said implanta 
tion step, to eliminate the formation of acertainable 
voids in said metal layer while still maintaining suffi 
cient compressive stress in said silicon nitride layer to 
provide resistance to penetration by moisture and ion 
contaminants comprises forming said silicon nitride 
layer while maintaining a pressure in the reactor high 
enough to maintain sufficient compressive stress to pro 
vide resistance to penetration by moisture and ion con 
taminants without resulting in the formation of acertain 
able voids in said metal layer and to maintain sufficient 
Uv transparency in said silicon nitride layer to permit 
erasure of said EPROM in less than one hour at 0.02 to 
0.03 watts/cm2 intensity. 

4. The method of claim 1 wherein said stress relief of 
said metal layer is accomplished by the steps of: 

(a) implanting the metal surface of said metal layer 
with ions to change the grain structure adjacent the 
surface of said metal layer; and 

(b) forming an intermediate stress-relieving layer 
between said metal layer and said silicon nitride 
encapsulating layer; 

to eliminate the formation of ascertainable voids in said 
metal layer while still maintaining sufficient compres 
sive stress in said silicon nitride layer to provide resis 
tance t'o penetration by moisture and ion contaminants. 

5. The method of claim 1 wherein said stress relief of 
said metal layer is accomplishing by the stress of: 

(a) forming an intermediate stress-relieving layer 
between said metal layer and said silicon nitride 
encapsulating layer; and 

(b) reducing the compressive stress in said silicon 
nitride layer in an amount sufficient to eliminate the 
formation of ascertainable voids in said metal layer 
while still maintaining sufficient compressive stress 
in said silicon nitride layer to provide resistance to 
penetration by moisture and ion contaminants. 

6.' A method for producing an integrated circuit 
structure having improved resistance to penetration by 
moisture and ion contaminants and a substantial ab 
sence, in an underlying metal layer comprising a portion 
of said integrated circuit structure, of voids visible 
under a microscope, by stress relief of said metal layer 
from stresses induced by the compressive stress of a 
silicon nitride encapsulating layer which comprises the 
steps of: 

(a) implanting, to a depth of from about 150 to 2500A, 
the metal surface of said metal layer, before encap 
sulating said structure with said silicon nitride 
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layer, with ions at an energy level of from about 40 
KEV to about 200 KEV and a concentration of 
from about 1015 to about 10‘6 ions/cm2 to change 
the grain structure adjacent the surface of said 
metal layer; and 

(b) reducing the compressive stress in said silicon 
nitride layer to not less than 2.5><1O9 dynes/cm2 
but sufficient, in combination with said implanta 
tion step, to eliminate the formation of voids visible 
under a'microscope in said metal layer while still 
maintaining sufficient compressive stress in said 
vsilicon nitride layer to provide resistance to pene 
tration by moisture and ion contaminants. 

7. A method for producing an integrated circuit 
structure having improved resistance to penetration by 
moisture and ion contaminants and a substantial ab 
sence, in an underlying metal layer comprising a portion 
of said integrated circuit structure, of voids visible 
under a microscope, by stress relief of said metal layer 
from stresses induced by the compressive stress of a 
silicon nitride encapsulating layer which comprises the 
steps of: 

(a)'implanting, to a depth of from about 150 to 2500‘, 
the metal surface of said metal layer, before encap 
sulating said structure with said silicon nitride 
layer, with ions at an energy level of from about 40 
KEV to about 200 KEV and a concentration of 
from about 1015 to about lO16ions/cm2 to change 
the grain structure adjacent the surface of said 
metal layer; and i 

(b) forming an intermediate stress-relieving layer 
between said metal layer and said silicon nitride 
encapsulating layer selected from the class consist 
ing of silicon oxide and silicon oxynitride; 

to eliminate the formation of voids visible under a mi 
croscope in said metal layer while still maintaining suffi 
cient compressive stress in said silicon nitride layer to 
provide resistance to penetration by moisture and ion 
contaminants. 

8. The method of claim 7 wherein said step of form 
ing said intermediate insulating layer further comprises 
forming an intermediate layer of silicon oxynitride by 
chemically vapor depositing a mixture of silane and one 
or more oxides of nitrogen on said metal layer while 
maintaining the concentration of said one or more ox 
ides of nitrogen sufficiently high to lower the compres 
sive stress in said silicon oxynitride layer to a level 
which will compensate for said compressive stress in 
the silicon nitride layer subsequently formed thereover 
to thereby inhibit formation of observable voids in said 
underlying metal layer. 

9. The method of claim‘ 8 wherein said stress relieving 
of said underlying metal layer further comprises reduc 
ing the compressive stress in said silicon nitride layer by 
forming said silicon nitride layer in a reactor while 
maintaining a pressure in said reactor sufficient to pro 
vide a compressive stress in said silicon nitride layer of 
notlessthan 2.5 X 109 dynes/cmz. 

10. The method of claim 1 wherein said step of stress 
relieving said underlying metal layer further comprises 
the steps of: 

(a) implanting the metal surface of said metal layer, 
before encapsulating said structure with said silicon 
nitride layer, with ions to change the grain struc 
ture adjacent the surface of said metal layer by 

‘implanting, at an energy level of from about 40 
kEV to about 200 kEV, ions selected from the class 
consisting of ions of argon, arsenic, boron, neon, 
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krypton, silicon, by bombarding said metal layer 
with said ions at a concentration of from about 
1015 to about 1016 ions/cm2 to implant said ions into 
the surface of said° metal layer to a depth of from 
about 150 to 2500A; 

(b) forming an intermediate insulating layer consist 
ing essentially of silicon oxynitride by chemically 
vapor depositing a mixture of silane and one or 
more oxides of nitrogen on said metal layer; and 

(c) forming said silicon nitride layer in a reactor while 
maintaining a pressure in said reactor sufficient to ' 

' provide a compressive stress in said silicon nitride 
' layer of not less than 2.5X109 dynes/cmz. 
11. A method for producing an integrated circuit 

structure having excellent resistance to penetration by 
moisture and ion contaminants and a substantial absence 
of voids in the underlying metal layer comprising a 
portion of said integrated circuit structure by stress 
relieving the underlying metal layer from stresses in 
duced by the compressive stress of a silicon nitride 
encapsulating layer sufficiently to inhibit the formation 
of voids in said metal layer by the steps of: 

(a) implanting the metal surface of said metal layer 
with ions to change the grain structure adjacent the 
surface of said metal layer; and 

(b) reducing the compressive stress in said silicon 
nitride layer in an amount sufficient, in combina 
tion with said implantation step, to eliminate the 
formation of ascertainable voids in said metal layer 
while'still maintaining sufficient compressive stress 
in said silicon nitride layer to provide resistance to 
penetration by moisture and ion contaminants. 

12. The method of claim 11 wherein said step of stress 
relieving said metal layer further includes the step of 
reducing the compressive stress in said silicon nitride 
layer to not less than 2.5>< l09 dynes/cm2. 

13. The method of claim 11 wherein said ion implan 
tation step comprises implantation of ions into the sur 
face of said metal to a depth of from about 150 to 
2500A. 

14. The method of claim 13 wherein said ion implan 
tation step comprises implanting from about 1015 to 
about 1016 ions/cm2 into the surface of said metal layer. 

15. The system of claim 14 wherein said ion implanta 
tion step further comprised implanting said ions at an 
energy level of from about 40 kEV to about 200 kEV. 

16. The method of claim 15 wherein said ion implan 
tation step further comprises implanting ions selected 
from the class consisting of ions of argon, arsenic, bo 
ron, neon, krypton, silicon, and the metal being bom 
barded. 

17. The system of claim 15 wherein said ion implanta 
tion step further comprises implanting argon ions into 
the surface of said metal layer. 

18. A vmethod for producing an integrated circuit 
structure having excellent resistance to penetration by 
moisture and ion contaminants and a substantial absence 
of voids in the underlying metal layer comprising a 
portion of said integrated circuit structure by stress 
relievingthe underlying metal layer from stresses in 
duced by the compressive stress of a silicon nitride 
encapsulating layer sufficiently to inhibit the formation 
of voids in said metal layer by the steps of: 

(a) implanting the metal surface of said metal layer, 
with ions to change the grain structure adjacent the 
surface of said metal layer; and 
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(b) forming an intermediate stress-relieving layer 
between said metal layer and said silicon nitride 
encapsulating layer; 

to eliminate the formation of ascertainable voids in said 
metal layer while still maintaining sufficient compres 
sive stress in said silicon nitride layer to provide resis 
tance to penetration by moisture and ion contaminants._ 

19. The method of claim 18 wherein said step of form 
ing an intermediate stress-relieving layer further com 
prises forming an intermediate layer consisting essen 
tially of a silicon oxide. ' 

20. The method of claim 18 wherein said step of form 
ing an intermediate insulating layer further comprises 
forming an intermediate insulating layer consisting es 
sentially of silicon oxynitride. 

21. The method of claim 20 wherein said step of form 
ing said intermediate insulating layer consisting essen 
tially of silicon oxynitride further comprises chemically 
vapor depositing a mixture of silane and one or more 
oxides of nitrogen on said metal layer while maintaining 
a pressure sufficiently high to compensate for said com 
pressive stress in the silicon nitride layer subsequently 
formed thereover to inhibit formation of ascertainable 
voids in said underlying metal layer. 

22. The method of claim 20 wherein said step of form 
ing said intermediate insulating layer consisting essen 
tially of silicon oxynitride further comprises chemically 
vapor depositing a mixture of silane and one or more 
oxides of nitrogen on said metal layer while maintaining 
the concentration of said one or more oxides of nitrogen 
sufficiently high to lower the compressive stress in said 
silicon oxynitride layer to a level which will compen 
sate for said compressive stress in the silicon nitride 
layer subsequently formed thereover to thereby inhibit 
formation of ascertainable voids in said underlying 
metal layer. 

23. The method of claim 21 including the further step 
of reducing the compressive stress in said silicon nitride 
layer in an amount sufficient, in combination with said 
step of forming said intermediate layer, to eliminate the 
formation of ascertainable voids in said metal layer 
while still maintaining sufficient compressive stress in 
said silicon nitride layer to provide resistance to pene 
tration by moisture and ion contaminants. - 

24. The method of claim 23 wherein said step of ' re 
.ducing the compressive stress in said silicon nitride 
comprises lowering said compressive stress of said sili 
con nitride layer to not less than 2.5><109 dynes/cm2. 

25. The method of claim 18 wherein said step of re 
ducing the compressive stress in said silicon nitride 
comprises lowering said compressive stress of said sili 
con nitride layer to not less than 2.5 X 109 dynes/cm2. 

26. A method for producing an integrated circuit 
structure having excellent resistance to penetration by 
moisture and ion contaminants and a substantial absence 
of ascertainable voids in an underlying metal layer com 
prising a portion of said integrated circuit structure 
which comprises stress relieving the underlying metal 
layer from stresses induced by the compressive stress of 
a silicon nitride encapsulating layer by the steps of: I 

(a) implanting the metal surface of said metal layer 
with ions to change the grain structure adjacent the 
surface of said metal layer; 

(b) forming an insulating intermediate layer between 
said metal layer and said silicon nitride layer se 
lected from the class consisting of an oxide of sili 
con and silicon oxynitride having a compressive/ 
tensile stress which sufficiently compensates for 
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the compressive stress of said silicon nitride layer 
to inhibit the formation of ascertainable voids in 
said metal layer; and 

(c) controlling the compressive stress of said silicon 
nitride layer during formation of said layer by 
chemical vapor deposition of silane and ammonia 
to provide sufficient compressive stress to provide 
resistance to penetration by moisture and ion con 
taminants superior to silicon dioxide or silicon oxy 
nitride layers of similar thickness while inhibiting, 
in combination with said intermediate layer, the 
inducement of sufficient stress in said metal layer to 
cause the formation of ascertainable voids in said 
metal layer. 

27. A method for producing an erasable programma 
ble. read only memory type integrated circuit structure 
having excellent resistance to penetration by moisture 
and ion contaminants and a substantial absence of ascer 
tainable voids in an underlying metal layer comprising a 
portion of said integrated circuit structure which com 

. prises stress relieving the 'underlying metal layer from 
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stresses induced by'the compressive stress of a UV 
light-transparent silicon nitride encapsulating layer by 
the steps of: . 

(a) implanting the metal surface of said metal layer 
with ions to change the grain structure adjacent the 
surface of said metal layer; 

(b) forming a UV light-transparent insulating inter 
mediate layer between said metal layer and said 
silicon nitride layer selected from the class consist 
ing of an oxide of silicon and silicon oxynitride 
having a compressive/tensile stress which suffi 
ciently compensates for the compressive stress of 
said silicon nitride layer to inhibit the formation of 
ascertainable voids in said metal layer; and 

(c) controlling the compressive stress of said silicon 
nitride layer formed by chemical vapor deposition 
of silane and ammonia to provide a compressive 
stress of at least 2.5X109 dynes/cm2 to provide 
resistance to penetration by moisture and ion con 
taminants superior to silicon dioxide or silicon oxy 
nitride layers of similar thickness while maintaining 
said UV light transparency of said silicon nitride 
layer and while inhibiting, in combination with said 
intermediate layer, the inducement of sufficient 
stress in said metal layer to cause the formation of 
ascertainable voids in said metal layer. 

28.. A method for producing an integrated circuit 
structure encapsulated in a layer of silicon nitride to 
provide resistance to penetration by moisture and ion 
contaminants and further characterized by a substantial 
absence of observable voids in an underlying metal 
layer which comprises a portion of said integrated cir 
cuit structure, said method comprising: 

stress relieving said underlying metal layer from 
stresses induced by the compressive stress of said 
silicon nitride encapsulating layer to inhibit the 
formation of observable voids in said metal layer 
by the following steps: 
(a) implanting the metal surface of said metal layer, 

before encapsulating said structure with said 
silicon nitride layer, with ions to change the 
grain structure adjacent the surface of said metal 

_ layer by implanting, at an energy level of from 
about 4-0 kEV to about 200 kEV, ions selected 
from the class consisting of ions of argon, ar 
senic, boron, neon, krypton, silicon, by bombard 
ing said metal layer with said ions at a concentra 
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tion of from about 1015 to about 1016 ions/cm2 to 
implant said ions into the surface of said metal 
layer to a depth of from about 150 to 2500A; 

(b) forming an intermediate insulating layer con 
sisting essentially of silicon oxynitride by che'mi— 
cally vapor depositing a mixture of silane and 
one or more oxides of nitrogen on said metal 
layer; and 

(c) forming said silicon nitride layer in a reactor 
while maintaining a pressure in said reactor suffi 
cient to provide a compressive stress in said sili 
con nitride layer of not less than 2.5><l09 dy 
nes/cmz. 

29. A method for producing an integrated circuit 
structure having improved resistance to penetration by 
moisture and ion contaminants and a substantial ab 
sence, in an underlying metal layer comprising a portion 
of said integrated circuit structure, of voids visible 
under a microscope, by stress relief of said metal layer 
from stresses induced by the compressive stress of a 
silicon nitride encapsulating layer which comprises the 
steps of: 

(a) implanting, to a depth of from about 150 to 2500A, 
‘ the metal surface of said metal layer, before encap 
sulating said structure with said silicon nitride 
layer, with ions at an energy level of from about 40 
KEV to about 200 KEV and a concentration of 
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from about 1015 to about 1016 ions/cm2 to change > 
the grain structure adjacent the surface of said 
metal layer; and ' 

(b) reducing the compressive stress in said silicon 
nitride layer to not less than 2.5><109 dynes/cm2 
but sufficient, in combination with said implanta 
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tion step, to eliminate the formation of voids visible 
under a microscope in said metal layer while still 
maintaining sufficient compressive stress in said 
silicon nitride layer to provide resistance to pene 
tration by moisture and ion contaminants. 

30. A method for producing an integrated circuit 
structure having improved resistance to penetration by 
moisture and ion contaminants and a substantial ab 
sence, in an underlying metal layer comprising a portion 
of said integrated circuit structure, of voids visible 
under a microscope, by stress relief of said metal layer ' 
from stresses'induced by the compressive stress of a 
silicon nitride encapsulating layer which comprises the 
steps of: 

(a) implanting, to a depth of from about 150 to 2500A, 
the metal surface of said metal layer, before encap 
sulating said structure with said silicon nitride 
layer, with ions at an energy level of from about 40 
KEV to about 200 KEV and a concentration of 
from about 1015 to about 1016 ions/cm2 to change 
the grain structure adjacent the surface of said 
metal layer; and 

(b) forming an intermediate stress-relieving layer 
between said metal layer and said silicon nitride 
encapsulating layer selected from the class consist 
ing of silicon oxide and silicon oxynitride; 

to eliminate the- formation of voids visible under a mi 
croscope in said metal layer while still maintaining suffi 
cient compressive stress in said silicon nitride layer to 
provide resistance to penetration by moisture and ion 
contaminants. 
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